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EmEcTcw vAKcousmmREToR TEROTTLE sETTIms ON

An Inveetlgattun

By Jason J. Mines

has bwm ocnduoted to detmntne the effeot af
varying the o~buretor thrott10 sottIngs on the flow characterlstlcs
at the outlet of the supercharger tilet elbow. Air-flow tests were
mado at carburetor throttle settlqs of full open, and 15°, 30°, and
45° closed.

The c=burotcr throttle eett~ had an appruclablo effect on
tho turbulence and tho vukwlty distrlbutkm at the inlet to the
supwoherger. For a limit~d rango of carburetor throttle sottlngs,
small changes In thrlthrottlo setting may causo l=ge c~es in the
W1OC Ity dlstribution at tho olbcw outlet. Tk results of this
investigation em 11.mitodto carburetor-elbcw cab~aticna In which
tho carburetor has a einglo throttle valvG that closes when the
downstream migo

ThO demand

mwos t&ard the Lmlde of tho albcw.

INl!ROIXIUTION

for Increaslmz the mwcr end the econcmw at alrcrsft
engines has caused an Intensi% stub to @rcvG the fu& dlstrlbu-
tion and the char~ -air distribution in radial.engines. Besides
produc~ a rough-running euglno, ncnunlfozm fuel and cherge-alr
distributions cause acme cyllnders to develop higher tomperatums
than athers. The detrimental effects due to this condition have
been enumerated in references 1 and 2. A dlscuseicn of the qi-
tude d the resulting loss In powur and eccncmy has been presented
In reforance 3; in acme Installations,for exemple, a SO-percent
reduction in the pressure drop required for ooollng at rated power
ikmld be obtained by eliminating the unequal fuul and charge-air
distrlbutIon. At smne crulslng canditlons (rcforonce 3) the fuel
ocneunrptlan ooul.dbo decreaeod 20 percent by the samo Improvomant.
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IRumerouaIVACAInvestigations to Impr.me the fuel and charge-air
distribution In various engtnes have demonstrated that the trend and
tho magaitude d the spread of ths distribution Is greatly affeoted
by the an@.er position of the carburetor throttle. Critical condi-
tions have been encmzntered In which moving the throttle through
only a few degrees will change an acceptable distribution to one at
which operation is impossible. This effect w be caused by the
resulting changes in thu velocity dlstributicm and the turbulence
d the air flow at the face of the su~rclumgor tipeller.

The present Investlgatlon conducted at the Cleveland laboratory
of the NM!A during the summer of 194A was therefore made to deter-
mine the order c& magnitude of tke varietbns In the flow chemcter-
ietics at the outlet d a mporcharger inlet elbow. The carburetor
used had a single throttle valve that closed when the downstream
side movud toward thtiinside & tk elbow. The vtilocitydistrlbu-
tIon aF tho air was measured at the carburetor and ulbow-assc.mbl.y
discharge to determine whether the anguler positian aP the throttle
hao enoup> offoct on tho flow at the exit of the suporchor~r Inlet
elbow to wezrant an Jxtms ive lnvestQ@f on. Tuft studit3sworo also
made at _Lheeltow ou:let to eatWt o tll!ji“EllELtive turhvlencm.

APPARW’LJS

!l%educt-ccxupaont tent riR usualfor the f’luwl~vestigation at
the carburetor and the lnkt olbuw is shown in f’igmo 1. Air was
supplied at a stat~c ~rossure of 40 inches & water abcwe atmospheric
pressure and was dischar~:d to tk atmosphcnw. The wei@t fluw cf
air wae rogulntud by a Hingle Lattw’fly-tfic control thrott10. A
16-mesh scruen was Inserted 20 d!emoters downstream from tho valve
to removo any dlstmbanccs cruatul by lt. A calibrated pltot-static

“tube installed at the ref6i-unc~:stat~.cn(fflg.l(a)) 20 diaumtors
downstream & tha scram wag used to measure tho mjght flaw. The

head of thu tube was locatod 1: inches fra the duct wall cnd a

thermmou@e was placed diametrical oppoaltu to muaeure tho tem-
perature at this f3Gction. Standard Prandtl-type pitot-static tubes

with a head length cl 1: inches made ottstatiless-steel tubing

l/8-tich outside di.amotfirwura used for all survey mmsuroments, as
well as for refermc..3muasurments. Throughout lb entlro dlstanca
frcm the control throttle to 3 f,.etb~yond the referoncG station,

the tialde dl.amoteraf the duct w:uq12~ inches.

The referonc. pltot-static tube was calibrated for thG range of
flow by ccxnparlngthG wolght flow obtained with thtireference tube

-- I
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Wtth that obtajned frcm
raterenoe 13tation. The
within tl pwoent.
. ...

3

sIX equally spaoed radial surveys at the
preoialon & the weight flow detezmlned was

Flow tests were made on an assmbly oonelstlng of an lnJeotion
carburetor, a carburetor-to-elbowadapter, end a t~loal Inlet elbow.
The gecmetry at the flow path & this inht nlbow dlffera only
sM#tly frm the gemetry of olbuws for moat radial engines; the
rwulta there#oro should be dlreotly appl~oablo to any radial engine
on whioh the same type of cmburetor Is used. The test elbow was
MMlfled by cuttlng &f the djffuser and the impeller frent shroud
1/2 inoh upstream f~m ‘the plane of lb fmpellor faoe and by fasten-
ing a 1/2-inch fl~gu faired to a 7.3813-lnoh inside diameter on the
dcmnmtream sldtito the elbow by meaQs & hook bolts pivoted to the
ribs on thu outside & the elbow.

Bosses were mounted cm tho cutlut pipe to plaoo the heads &
tk survey tubes jn a ~lane colncIdsnt with the boat ion of the
frent face M thu Wpoller in a nomal engine Installation. The
looation of the bossas was suoh that four surveys parallel to thcJ

plm of the bend and 1/2 and 2+ Inches.onoaoh sldo of the elbow

contor line (fig. l(a)) could be taken. &r temporaturus at the
elbow outlet wure measured with a thermocouple Installud 6 inches
downstream frmn the survey station to elimimrlw flow iuterforenco
at the survtiystation. Any rosultlng urrcrs In temperature meas-
urements woru ncgli@bk cm au absoluto-tomperaturobasis becs,usu
the tumperaturo ckngo through the cntLro sutup was only in the
order of 2° F.

At thu roferencu statfan en NACA micrcmamxueter was used to
~Ja8urS thu dynamic pruesure to 0.01 inch of almhol. The ruferenoe -
tubo stat10 pruseums, as well EUIthe static and the dynamic pr@s-
surus & tho survey tubes, wore read on U-tubes in Inohes al?water
and the atmospheric pressure, corrected to 32° l!,was meaeurod cm a
mlorobarograph. Temperature M@asursmonts weru obtained frmn iron-
constantan thermocouples by mans of a sell’-bal.anoing potontianeter...

In tho tuft studies mado for the purpoeu of studying flow char-
aoterlstios, the outlet duet was replaced by cm made of Plexi@as
In which some woolen tufts wore mounted on wires 1/2 Inoh downstream
fran the elbuw outlet and others waro glued to the Inside periphery

in four parallel rhgs 1/2, 2+, +;, and ~ Inohes downstrmm f ran

the elbuw outlet.

,- . . . . .. —. .. . — ——. - .. .—- ,. ----
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METHOD(lFTJ!ST8A1’iD CKWOLATICUVS

Before each Em-my the carburetor throttle was set aM loobd
in plaoe and the weight flow of air through the system was ad~usted
by the control throttle to obtain a reference static pressure of
approximately 30 Inches of water above atmospheric pressure.

Tebts were run at carburetor thrcrttlesettings of full open, -
15°, 30°, and 45° olosed; “W open” refegs to the position of the
carburetor butterfly valve when parellel to the center line of the
inlet duct inmedfateiy preceddq the carburetor (flg. l(a)). All
-~ sett~s m= made with this position as a reference or OO.
The A and the C surveys were taken Wmultaneouely as were the B and
the D surveys. Values of static and dynamic pressures ind3cated by
the reference tube and the two survey tubes, the ~trio pres-
SH, d the *qerat-s obtained frcxuthemnocoqles located at
the roforence station ati 6 imhos downstream fran the survey station
wore recorded. When a ocsupleteset of measurements had been made,
the survey tubes were sot for lib W. point. After sufficient tlmc
had elapsed to overcmne the lag in the pressure leads, the next set
of measurements was taken.

Tuft studies were made for each of the carburetor throttle
settings by taking right-quexker ad left-quarter photo@’aphs of the
Plexiglas duet at an angle of 45° frcm ‘~ plane of the bend of the
elbow. Taking two photographs fran positions 90° apart eltited
the possibility of showing the tufts in a vertical position on the
photograph when the tufts were inclined along the Mne of sight.

Compressibility was not taken into account in the computations.
Because the Wel@t flow varied slightly with time, the velooity at
eaoh point of the survey was oorrected by the rat10 of the average
reference velocity of the entire run to the reference velocity for
that point. F&cm the average density of the two simultaneous sur-
veys, the cross-seotional area of the elbow outlet at the survey
si+tions, and the wei@t flow, the average velocity for each two
mxrveys was calculated.

RESULTSANDDISCUSSION

The results of the preeent investigatlon are applicable CXIJ.Y
to installations in which the carburetor has a single throttle valve
that closes when the *tream edge moves toward the inside of the
elbow. The veloclty distributions obtained for the various thrchtle
positions are presented as the ratio of the velocity at a given point
along the traverse V to the average velocity of the two simlta-

av plotted against the ratio of the distance of thatneous surveys V
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point frcm the Inside wall & the duct 2 to the total length af
traverse ~ that survey L. Photographs taken under the same test

.. .c,pndltltisare also presented to shuw the flow chmacterlst ha
obtained In the tuft studies,

At the full-open carburetor throttle setting (flg. 2) the
velocity reaches a maximum near the inside wall of the elbow,
decreases at a falr~ untioxm rate for approxlmatel.ytwo-thirds of
the distance across the outlet, and tends to Increase slightly for
the rest of the distance. Separatlcm and backflow near the insld.e
of the bend are shown by survey B. The carrespanding tuft photo-
graphs (flg. 3) ccmflrm these flow characteristics and the blur
caused by the tufts shows ccmsiderable turbulence. Even with
potential flow, the highest veloclty till mour near the inside
wall of any elbow outlet. The elbuw used In these teata has a
high rate of curvature end thti a high velocity near the inside
wall at the elbuw outlet.

At a throttle setting aF 15° (fig. 4) the general trend of
velocity M stributIon obtained for the full-open posItIon was
observed except that the peak value of ‘flav Is higher end there
fs a tendency toward Irregularity In the curves near the outside
M the bend. The photographs (flg. 5) show that the turbulence
has increased and Is carried farther downstream. Slight secondary
flow occurs near the tisido d the bend. Curves obtained for a
30° throttle setting (fig. 6) am also slmllsr to those for the
full-open position. When the throttle setting was changed frcxn
15° to 300, however, tho maximum valuo of V/Vav was reduced and
the negatIvo slopes of the curves were decreased. Although the
tuft studies for the two settings appear to bo similar (cf fi=. 5
and 7), the relatlve degree of turbulence Is probably greater at
30° than at 15° beoauso the oscillation of the tufts seaus to have
the same magnltudo at both settlngs even with the reduced air
wei@t flow at 30°.

Moving the throttle frcm 30° to 45° caused the most pronounced
change in valocity refile & any of the previous throttle changes.

8The curves for a 45 throttle setting presented in fIgure 8 have
became almost horizmtal over most & the traveree and the B and
the C surveys, which are near the sldo walls (sea fig. l(a)), are “
slightly lower than smeys A and D near the center of the elbow
outlet. This marked change In the velocity profile Indicates the
possibility of a critical range of throttle settings between 30°
and 45°. Tuft studies at tho 45° throttle s~ttina [ficc.91 are
not noticeably dWforent frcm those at the 30°
tlve turbulence has probably hcreased but its
lations of the tufts Is countm?balanced by thG

se;ting~ tie rela-
effeot on tho oscil-
opposite offect of
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decreased mass flow. In fact, the equalization of the velocity pro-
fIle strongly Indlcatcm a large increase in the relative turbulence.

A possible explanatlcm of the observed effects of the throttle
on the flow at the ulbow outlet can be given with the aid of fig-
ure l(a). When the carburetor thrott10 Is full open, the cliffercmce
in velocities between the inside and tho outsido aP the olbcw is
entirely due to the pressure gradient developed by the elbow. Thus
figure 2, which showEIthe velocity distributicm at the full-open
throttle positicm, can be used as an approximation of the flow at
the outlet without the carburetor, because this valocity distribu-
tion is changed very little by removal & the carburetor. When the
throttlo is partly closed, the nsulting alteration in the flow
passages cauaos two effects on the flow. OnL effect is tho differ-
ence in volocity across thG duct, and the othor 1s the devolopwnt
aF turbulence, The throttle divides the available flow area into
regions A and B (SOO f~g. l(a)) in such a manner that the flow
sxoa is ccmvorgent in A and ddvorgunt in B. As a result d this
configuration tho voloclty at th~ dischar~ of region A will bo
high, whercaa that at tho discharge al?region B will be relatively
lUU. This condition will tmd to au@ent thu high velocity that
is inhrcnt ly produced 8t the inside of the elbow. l!hn at vmy
small values of 6 (fig. l(a)), sopamtiau will occur at tho leading
dgo of thu throttlo and th resulting flow will bo turbulmt.
Additional turbulence will bo caused by the unequal velocities
issuing from regions A and B at tho trailing edgo of tho throttlo.
!l!lmturbulonco thus caused is cunpmat Ivoly small at large thrott10
opmlngs, but as thG throttle is closod the flow bocomos more and
moro turbulent. When tho throttle is almost closod, the divorgonco
& tho flow ma becomus so groat that separation occurs in this
spaco and anothor source of turbulence is duvolopod. On tho one
hand, a high-velocity flow omer@~ frcm section A at the insido of
tho bmd tmds to au~nt tho high velocity flow at the insido of
the olbcw. On the oth~r hand, tic)interchange af onorgy promoted
by the turbulonco tmds to oqualizo tho vGlcnity of the flow at tho
outlot a!?tho Glbow.

In this particulm installation tho velocity offoct is prudan-
inato at a throttlo closure of 15°, as shown by the fact that tho
velocity near tho insida wall of tho olbcm outlot is much groatm “
at tho throttlo sotti~ of 15° (fi~. 4) than at tho full-opon posi-
ticn (fig. 2), At tho 30° throttlu setting (fig. 6), tho high
vGlocity near thu inside wall of thG ulbow Outlet is hwor than thG
corrospcmding velocity at tho 15° throttlo sottin& Inasmuch aS
those CUrVOS SrO Sil?lihr tO thOSG Of fi~ 2, the VObOity &fOCtS
introduced by tho throttle am almost exactly countorbaluncod by
the turbulmco offucts. At a throttlo schting al?45°, tho curves
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of figure 8 shuu that the turbulence effeote have Inoreaaeilto suoh
an extent that al.mcmtccinpleteequalization & the flow veloolty

-has ooourred at the elbow outlet.

Even with unifomn fuel distribution at the impeller inlet, the
fuel and oher~ -air distributions would be considerably cbnged by
~m the carburetor throttle setting. Thciimpeller blades, the
Mffueer vanes, the colleat~, and the outlet ductinB on a radial
we till t- to aot as vanea and thus aegregato the flow into
Indlvlilualelemanta. Although the ma~itude aP this uneven mixture
distribution may be slightly reduoed or inoreased, the nonuniformity
will be in part transmitted to the oyli.nders. Aatually, the fuel
dlstrlbution at the impeller Inlet will probably not be unlfozm.
When the fuel Is in~ected ahead cd’the impeller, it must be trsma-
ported by entninment in the air stream and thus will be effected by
the turbulence end the veloolty distribution W the flow. The cen-
trifugal foroes developed by the curvilinear motion & the air stream
ccmbined with the effect d ~avity tends to cause the fuel to move
toward the outside of the elbow. Any fuel depositod on the sides of
the pasBage will also tend to aocumulato at the outside of the elbow.

Other tests of fuel and oharge -air distrlbutIon In radial
engines have shown that for a small ran@ M throttle positions very
mcu”kedchanges in fluw ard observed for small angular throttle vari-
ations, Just us merked ohanges in flow distribution were obsemed
in the present tests when the carbur~tor throttle is closed from 30°
to 450. Flow distortion caused b.ythe superohtargorInlet eibow and
the carburetor will ttizwforo havu a considorabla effect on the mix-
ture distribution in certain ranges of carburetor thrott16 setting.

SUMMARYOF KF4SULTS

The results of flow and tuft studies of a typical superohm?ger
inlet elbow and carburetor at varying throttle angles are as follows:

1. The distortion at the outlet of the supercharger inlet elbow
first Inoreased to a maximum and subsequently decreased as the cer-

. buretor throttle was olosed.

2. The greatest variatitm in the velooity distortim occurred
when the throttle position was ch~d frcm 30° to 45° olosed.

3. The turbulence in the fluu ocmtinuously increased as the
carburetor throttle was closed frm the full-open position.
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TIN effect of the carbumtm throttlo sott.ingon tho flow char-
actorlstlca at th~ a~%lct of the supercharger inlet elbow is of such
importsnco I&l*,thi:satioct should be consldmod In fUC1 and chsr~ -.
air dlstribut!on WLJLIUMS.
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(a) Diagram of setup. v
-.

Figure 1, - Duct-component test rig used in flow tests of a supercharger inlet elbow ●

In

with carburetor and adapter.
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(b) close-up view of ?setup, a

Figure IQ - Concluded.
.

“Duct-component test rig used in flow tests of a supercharger -
inlet elbow with carburetor and adapter. w
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Figure 2. - Velocity profiles ●t the outlet of the supercharger
inlet ●lbow with a carburetor throttle setting of full open.



NACA ARR No. E5E 19a Fig. 3a

(a) Right-quarter view.

Figure 3. - Tuft studies at the outlet of the supercharger
inlet elbow with a carburetor throttle setting of full
open.
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(b) Left-quarter view.

Figure 3. - Concluded. Tuft studies at the outlet of the
supercharger inlet elbow with a carburetor throttle settif~g
of full open.
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(a) Right-quarter view.

Figure 5. - Tuft studies at the outlet of the supercharger
inlet elbow with a carburetor throttle” setting of 15°
closed.
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(b) Left-quarter view.

Figure 5. - Concluded. Tuft studies at the outlet of the
supercharger inlet elbow with a carburetor throttle setting
of 150 closed.
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Figure 6. = Velocity profiles at the outlet of the supercharger
inlet elbow with a carburetor throttle setting of 30° closed.
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Figure 7. - Tuft studies at the outlet of the supercharger
inlet elbow with a carburetor throttle setting of 30°
closed.
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.- Fig 7b

(b) Left-quarter view.

Figure 7. - Concluded. Tuft studies at the outlet of a
supercharger inlet elbow with a carburetor throttle setting
of 30° closed.
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Figure 9. - Tuft studies at the outlet of the supercharger
inlet elbow with a carburetor throttle setting of 45°

closed.
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(b) Left-quarter view.

Figure 9. - Concluded. Tuft studies at the outlet of a
supercharger inlet elbow with a carburetor throttle setting
of 45° closed.
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